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EXPERIMENTAL DATA ON THE PROBLEM OF SENSORY 
LATERAL DOMINANCE IN FEET AND HANDS 


L. PEARL GARDNER, Cornell University 


1. THE PROBLEM 


Former experimental work with the problem of motor lateral 
dominance* utilized motor tests without vision and stimulated an 
interest in the preferential use of hands and feet in sensory activities. 
A preliminary testing of 40 subjects gave indecisive results; hence a 
larger group of 100 subjects were given three sensory foot tests and 
three sensory hand tests. These subjects were also given several motor 
tests to establish relationships between motor and sensory laterality. 
These motor hand and foot tests were given with and without vision 
to throw light upon the effect of lack of vision upon motor laterality. 
Since sensory practice of tactual discrimination was relatively slight, 
results should throw light upon possible inherent preferential use of 
either side in such activities. 


2. TECHNIQUE OF EXPERIMENTATION 

In the sensory tests the subject sat comfortably in a chair with a 
large opaque piece of cloth tied at the neck and suspended from the 
sides so the feet were not visible. The cloth was suspended sufficiently 
high so that hand tests could also be given under it without hindrance 
to motion. Three pairs of trials were given alternately; only the last 
two pairs were utilized in computations. A sorting tray was made 
with sponge rubber one inch wide and one-half inch thick fastened in 
an oval shape to a board. The rubber oval form was 8 inches wide 
and 9 inches long with an opening on the side toward the subjects’ 
feet of 4 inches. Back of the 4-inch opening was a wooden tray one 
inch lower than the level of the oval space. The subject selected the 
object desired and pulled it back through this opening into the lower 
tray. This device was used for three sorting tests, one for form and 
two for size. A minimum of motor response was used in a pawing 
movement which did not differentiate either foot. Description of each 
test will be given when the results are considered. 


* Gardner, L. Pearl, Experimental data on the problem of Motor Lateral Dominance in 
Feet and Hands. Psychological Record, 1941, vol. 5, no. 1, 1-63. 
Accepted by Dr. Louttit, December 31, 1941. 
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3. PRELIMINARY SENSORY TESTING OF A SMALL GROUP 


(1) SeNsory TEsTs OF FEET 
Three sensory tests for feet were given to 40 subjects. Records of 
time and errors were kept for each test. Table I gives the individual 
data on such tests. 7 


In the first test subjects selected 5 larger marbles from 5 smaller ones 
in the sorting tray. For the group the average error was the same for 
both sides. Details of data may be found in Tables I and II. The 
left foot averaged 73 seconds in performance and the right 75. In 
terms of seconds saved in paired performance 45% of the cases were 
quicker with the left with an average saving of 23 seconds and 50% 
were quicker with the right with an average saving of 17 seconds. 


In the second test subjects separated 5 larger corks from 5 smaller 
ones in the sorting tray. The average performance time for the left 
was 98 seconds and for the right 95 seconds. Errors were the same 
for both feet. In terms of seconds saved 48% of the cases preferred 
the left and averaged a saving of 19 seconds while 48% preferred 


the right with an average saving of 25 seconds. 


In the third test subjects placed the foot upon a wooden form which 
they could not see and identified this form from 4 other forms out- 
lined on paper and presented visually. In this way 10 forms were 
selected, half of these were used for the first trial with the left foot 
and half for the first trial with the right foot. The average perform- 
ance for the left foot was 216 seconds and for the right foot 208 
seconds with the errors about the same for both feet. In terms of 
seconds saved in performance 43% of cases were more efficient with 
the left foot and averaged a saving of 28 seconds while 52% were 
more efficient with the right foot and averaged a saving of 38 seconds. 


As these few tests showed, there was little difference between the 
left and right feet in sensory tests. The right in 2 of 3 tests was 
only a few seconds quicker than the left. In terms of seconds saved 
in paired performance 45% of cases preferred the left and 50% the 
right. The only interesting sex difference to be noticed was that women 
were a little slower than men on the sorting tests and a little faster 
on the form perception test. 
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SENSORY LATERAL DOMINANCE 


(2) SENsory Tests oF HANDS 


In the tests with the hands the general experimental situation was 
the same. There was less difference between the sizes of marbles and 
corks for the hands. The perception forms were much more difficult 
than those used for the feet. 

In the marble sorting test the left hand averaged 39 seconds in 
performance with 1.1 errors and the right 41 seconds with 0.3 error. 
In terms of seconds saved in paired performance 45% of the cases 
preferred the left hand and averaged a saving of 14 seconds while 
50% of cases preferred the right and averaged a saving of 11 seconds. 

In the cork sorting test the left hand averaged 110 and the right 
114 with slightly less error in the left hand. In terms of seconds 
saved in paired performance 50% preferred the left and 50% the 
right hand. 

In the form perception test the left hand averaged 206 seconds 
for performance and the right 210 with the errors the same for both 
hands. The left hand was preferred by 55% of cases and the right 
by 45%. 

The sensory tests for hands showed a very slight fairly consistent 
advantage in time for the left hand over the right. In terms of seconds 
saved in paired performance the left hand was preferred in 50% 
of the cases and the right in 48%. On the form perception test 
35% of the women and 75% of the men were quicker with the left 
hand. This test necessitated very fine discriminations; possibly the 
left hand of men with less thickened skin from sports and work, was 
more useful. 

The preliminary sensory tests of hand and feet showed relatively 
small and somewhat inconsistent differences between the two sides. 
With practice effects reduced to a minimum in sensory tests, there 
appeared no clear preference for either side in sensory learning. 


4. RESULTS OF DETAILED SENSORY TESTING 
OF GROUP THREE 
To test further the indecisive results of the preliminary series of 
sensory tests, another group of 100 college students were given three 
foot and three hand sensory tests of varying difficulty. Tables III, IV, 
VI and VII give individual data and Tables V, VIII and IX sum- 
marize data. 
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L. PEARL GARDNER 


(1) SENsory TESTs OF FEET 


In the marble sorting test, subjects sorted out 5 larger marbles of 
one inch in diameter from 5 smaller ones of three-quarters of an inch 
in diameter. The 5 large marbles were placed in the rubber oval on 
the side away from the subject next to the rubber border of the 
sorting tray with the 5 smaller marbles in front of them. Since the 
sorting tray tipped away from the subject slightly, the marbles tended 
to remain in this position until moved by the subject. 

The mean for the left foot for all cases was 72.7 seconds with a 
sigma of 27.9 and with an average error of 2.0; this mean for the 
right foot for all cases was 74.3 seconds with a sigma of 34.4 and 
with an average error of 2.0. Of all cases 54% were quicker with 
the left and 45% with the right foot. In terms of seconds saved the 
left and right both averaged 18.0. 

In comparing the sexes, the mean for the left foot of men was 70.4 
seconds with a sigma of 29.7 with an average error of 2.2; this mean 
for women was 74.9 seconds with a sigma of 20.7 with an average 
error of 1.8. The mean for the right foot of men was 74.5 with a sigma 
of 35.8 with an average error of 2.4; this mean for women was 74.1 
with a sigma of 32.9 with an error of 1.6. Sixty percent of men 
and 48% of the women were quicker with the left while 40% of men 
and 50% of women were quicker with the right foot. The average 
saving with the left for men was 17.9 seconds and for women 18.6; 
with the right, men averaged 16.6 and women 19.6. Men showed 
slightly greater ease of performance of the left in comparison with 
the right while women showed little difference between the feet on 
this test. Men made more errors with both feet than women. The 
right foot was more variable for both sexes than the left. 

In the form sorting test the subject was to select 5 one inch cubes 
from 5 one inch cylinders. Although the cylinders were one inch in 
diameter and one inch in height, their volume was slightly less than 
that of the cubes. This difference, however, was imperceptible to the 
usual foot. The cubes were distinguished largely from the cylinders 
by the sharper corners and by the fact that they would not roll. The 
five cubes were set in a row across the center of the sorting device 
with 2 cylinders on the flat side in the space between them and the 
subject’s feet and the 3 others on the flat side beyond the row of 
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cubes. The subject never saw this arrangement and seemed to be 
unaware of it. 

The mean performance for the cases was 110.8 seconds with the 
left foot with a sigma of 39.6 and with an average error of 2.7. The 
mean performance for the right foot was 104.6 seconds with a sigma 
of 42.8 and with an average error of 2.5. Of all the cases 42% 
were quicker with the left foot and averaged a saving of 18.4 seconds 
while 58% were quicker with the right foot and averaged a saving 
of 24 seconds. The right foot showed a slight advantage over the 
left in time, errors and preferred use. 

In comparing the sexes the mean for the left foot of men was 102.8 
seconds with a sigma of 38.1 and with an average error of 2.8; this 
mean for women was 118.8 seconds with a sigma of 39.6 and with 
an average error of 2.6. The mean for the right foot of men was 97.4 
seconds with a sigma of 33.8 and with an average error of 2.4; 
this mean for women was 111.8 seconds with a sigma of 46.8 and 
with an average error of 2.6. In terms of seconds saved in perform- 
ance 40% of men and 44% of women were quicker with the left 
while 60% of men and 56% of women were swifter with the right 
hand. Of these cases men showed an average saving of 17.9 seconds 
with the left and women 19.0. With the right hand men averaged 
a saving of 20.8 and women 27.6 seconds. Women were somewhat 
slower than men and about the same in accuracy. Both sexes showed 
a slightly greater preference for the right foot in time of performance 
and percent of choice. Women were more variable in the right foot 
and men in the left foot. 

The third foot sensory test involved sorting 5 large corks with a 
top diameter of 1% inches from 5 smaller ones with a top diameter 
of 7% inch. The bottom diameter of large corks was 1 inch and the 
small ones ¥% inch. Large corks were inch longer than the smaller 
ones. The corks could be differentiated only on the basis of perception 
of total volume. This was a very difficult test. 

The mean performance for all left feet was 109.7 seconds with a 
sigma of 43.9 and with an average error of 2.2; the mean performance 
for all right feet was 107.1 seconds with a sigma of 38.2 and with 
an average error of 2.4. In the group 52% of the cases were swifter 
with the left and 46% with the right foot. In terms of seconds saved 
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Errors on Foot and Hand Sensory Tests for Men 
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by the preferred foot the left averaged 19.5 and the right 27.7. The 
differences between the feet were very slight. 

From the standpoint of sex difference the mean for the left foot 
of men was 108.0 seconds with a sigma of 47.5 and with an average 
error of 2.4. The mean for the left foot of women was 111.3 with 
a sigma of 39.9 and an average error of 1.9. The mean for the right 
of men was 105.3 seconds with a sigma of 42.1 and with an average 
error of 2.4; the mean for the right of women was 108.9 with a sigma 
of 33.8 and with an average error of 2.4. In terms of the quicker 
performance 48% of men and 56% of women were quicker with the 
left while 48% of women and 44% of men were quicker with the 
right. The average saving for men with the left was 19.7 seconds 
and for women 19.4 while the average saving with the right for men 
was 25.4 and for women 30.2 seconds. Women required a little 
longer time with both feet than men but they had slightly less errors 
than men. Both sexes showed a slight advantage for the right foot in 
performance time and greater variability in the left foot. 

To summarize the sensory foot tests from Tables VII, VIII and IX, 
certain comparisons should be stated. The means for all cases on the 
3 tests differed less than 10 seconds with right means less than left 
ones in 2 of 3 tests. The right midscores for all 3 tests were less than 
left ones. In terms of the average quicker performance for the 3 tests 
together 49% were quicker with the left and 50% with the right foot. 
With the more difficult tests sigma increased but the difference between 
sigmas for the left and right feet was under 10. In 2 of 3 tests right 
sigmas were greater than left ones. The average error for both feet 
on the 3 tests combined was the same 6.9. Women took longer to 
make their selections and were more accurate than men. Women aver- 
aged 6.3 errors with the left and 6.6 errors with the right while men 
averaged 7.4 errors with the left and 7.2 errors with the right. If the 
decrease or increase of the performance time of the third trial over 
the first trial be considered for all cases, the difference between the 
feet was slight. An average of the results of the three foot sensory tests 
showed the left foot decreased time in 66% of cases with an average 
decrease of 20.8 seconds; the left increased time in 33% of cases 
with an average increase of 15.9 seconds. On the other hand the right 
decreased time in 64% of cases with an average decrease of 24.5 
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seconds; the right increased time in 34% of cases with an average 
increase of 15.3 seconds. On foot sensory tests where practice effects 
were small, there seemed to be very little difference between the sides. 
The right side showed a possible slight preference, more pronounced in 
the case of women than men. Table XIII should be consulted for 
additional data. 


(2) SENsory TESTs oF HANps 

The hand sensory tests were the same as those for the feet except 
the sizes of the objects involved required more careful discrimination. 
In the marble sorting test the large marbles had a diameter of three- 
fourths of an inch and the small ones five-eighths of an inch. These 
were placed in the sorting device in the same position as for the foot 
tests. The feel of coldness of the marbles probably accented the size 
differences and made this an easy test. 

The mean performance for all left hands was 33.2 seconds with a 
sigma of 13.1 and with an average error of 0.5; the mean performance 
for all right hands was 30.9 with a sigma of 10.4 and with an average 
error of 0.2.- Of the cases 40% were swifter with the left and 52% 
with the right hand. In terms of seconds saved by the preferred hand 
the left averaged 7.9 seconds and the right 10.5 seconds. The right 
hand showed a slight consistent advantage in time, error and prefer- 
ence. Since the other two hand tests showed no such clear preference 
of the right hand, the practice effects of the right hand in sampling 
temperatures in general living may have affected the results. 

With regard to sex differences the mean for the left hands of men 
was 32.4 seconds with a sigma of 11.9 and with an average error of 
0.5. The mean for the left hand of women was 33.9 seconds with a 
sigma of 14.1 and with an average error of 0.4. The mean for the 
right of men was 29.9 seconds with a sigma of 9.8 and with an average 
error of 0.1; this mean for the right of women was 31.9 seconds with 
a sigma of 11.0 and with an average error of 0.2. In terms of the 
quicker performance 34% of men and 46% of women were quicker 
with the left, while 50% of the men and 54% of the women were 
quicker with the right. While 16% of the men gave equal perform- 
ance with either hand, none of the women did so. The average 
saving for men with the left was 6.9 and for women 8.6 while men 
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TABLE VIII. 





Summary of Mean, Median and Sigma for Laterality Tests 


Number 


Test 
M 
Sensory foot 
tests 
1. Marbles 50 
Cubes 0 
Corks 50 
Average 
Sensory hand 
tests 
1. Marbles 50 
2. Cubes 50 
Corks 50 
Average 


Motor foot 
tests without 
vision 
1. Grasping: 
carrying 


2. Cross- 


movement )U 


Manipu- 
lation 50 
— 
Motor foot __ 
tests with 
vision 
1. Grasping 
carrying 50 
2. Cross- 


movement 50 


Manipu- 


lation 50 
Average 
Motor hand 
tests without 
vision 
1. Grasping: 
carrying 50 


‘. 


2. Cross- 

movement 50 

Manipu- 

lation 50 
Average 

Motor hand 

tests with 

vision: 


1. Grasping: 


carrying 50 
2. Cross- 
movement 50 
Manipu- 
lation 50 


Average 


of ( 


I T 
50 100 
0 100 
0 100 
50 100 
50 100 
50 100 
50 106 
50 100 
0 100 
0 100 

) 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 
50 100 


of Sensory and Motor Types 











Left 
Men Women 
Mean Mid Sigma Mean Mid 
70.4 66 29.7 74.9 67.5 
102.8 97 38.1 118.8 118.5 
108.0 99 47.5 111.3 105 
93.7 87.3. 38.4 101.7 97.0 
2.4 31.5 11.9 33.9 32 
41.6 41. us es OU 
92.8 83 46.2 97.8 86 
55.6 51.8 $6.8 51.3 
44.2 39 20.9 42.6 35. 
11.6 11 6.5 13.6 11 
127.8 99.5 80.2 109.6 89. 
oh a ao ae ee 
27.0 23 17.0 25.5 23 
g 8 5.1 9.7 10 
46.8 7.7 34.9 3 
27.4 19.9 23.4 22 
36.0 é 12.2 36.7 34 
7 6 4.0 8.4 7 
49.5 48.5 13.6 49.4 48.5 
30.9 30.2 9.9 31 29.8 
23.3 22 8.0 23.0 21 
5.8 5 $3 6.8 6. 
22.2 22 6.1 20.7 21 
‘ 16.3. 5.8 16.8 16. 














Total 
Sigma Mean Mid. Sigma 
20.7 72.7 67. 27.9 
39.6 110.8 111.5 39.6 
39.9 109.7 105.5 43.9 
33.4 97.7 94.7 37.1 
14.1 33.2 32 3.4 
15.2 40.1 37.5 14.6 
49.9 95.3 85. 48.2 
36.4 $62 $1.9 29.3 
26.0 43.4 7.5 23.3 
6.0 12.6 11. 6.4 
64.4 118.7 92. 73.3 
32.1 «58.2 46 46.8 
11.5 26.3 23 10.8 
5.4 9.0 8 d.3 
10.1 40.9 5 13.4 
9.0 25.4 22 9.8 
12.4 36.4 35 12.5 
4.7 7.9 7 4.4 
10.7 49.5 48.5 12.2 
93 31.3 30.2 9.7 
8.7 23.2 21.5 8.4 
0 6.3 4 3.1 
4.9 21.4 21 5.6 
5.5 
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TABLE VIII (Cont.) 
Summary of Mean, Median and Sigma for Laterality Tests 
of Sensory and Motor Types. 
Number Right 
Test of Cases Men Women Toral 
M F T Mean Mid. Sigma Mean Mid. Sigma Mean Mid. Sigma 
Sensory foot - 
tests: 
1. Marbles 50 50 100 74.5 72.5 35.8 74.1 61. 32.9 74.3 64. 34.4 
2. Cubes 50 50 100 97.4 94.5 33.8 111.8 102 46.8 104.6 96. 42.8 
3. Corks 50 §0 100 105.3 101.5 42.1 108.9 116.5 33.8 107.1 101.5 38.2 
Average 92.4 89.5 37.2 98.3 93.2 37.8 95.3 87.2 38.5 
Sensory hand - 
tests: 
1. Marbles 50 50100 29.9 30. 9.8 31.9 30 11.0 30.9 30 10.4 
2. Cubes 50 50100 39.1 36. 14.6 41.4 42 14.0 40.2 37.5 14.3 
3. Corks 50 50 100 91.8 84.5 43.5 99.0 81.5 57.9 95.4 84.5 51.7 
Average 53.6 50.2 22.6 57.4 $1.2 27.6 55.5 50.7 25.5 
Motor foot 
tests without 
vision: 
1. Grasping: 
carrying 50. 50 100 48.6 40.5 34.0 37.5 36.5 14.2 43.0 39. 26.5 
2. Cross- 
movement 50 50 100 11.3 10 6.0 53.9 11 6.6 12.4 11. 6.5 
3. Manipu- 
lation 50 50100 107.8 92 57.3 96.6 75. 83.5 102.2 81. 71.8 
Average $5.9 47.5 32.4 49.2 40.8 348 52.5 43.7 34.9 
Motor foot 
tests with 
vision: 
1. Grasping: 
carrying 50 50 100 26.4 ry 14.1 21.9 - # 7.1 24.2 21.5 10.8 
2. Cross- 
movement 50 50 100 8.0 8. 4.4 9.4 9.5 5.0 6.7 S. 4.9 
3. Manipu- 
lation 50 50 100 38.8 31.5 24.7 32.4 30.5 12.9 35.6 31. 19.9 
Average 24.4 22.2 14.4 21.2 20.3 8.3 22.8 20.2 11.9 
Motor hand iminpiet 
tests without 
vision: 
1. Grasping- 
carrying 50 50 100 36.9 37. 13.3 35.0 oe: 10.8 36.0 36. 12.2 
2. Cross- 
movement 50 50 100 6.8 6. 3.8 8.3 - 2 4.5 7.9 7 4.2 
3. Manipu- 
lation 50 50 100 45.9 46.5 11.6 45.9 44.5 11.3 45.9 44.5 11.4 
Average 29.9 29.8 9.6 29.7 28.8 8.9 29.8 29.2 9.3 
Motorhand = —> : - + Fe ee 
tests with 
vision: 
1. Grasping- 
carrying 50 50 100 22.9 23.5 7.4 23.4 23. 7.3 23.1 33. 7.3 
2. Cross- 
movement 50 50 100 I 5. 3.0 6.8 6. 3.5 6.3 6. 3.2 
3. Manipu- 
lation 50 50 100 20.3 21 5.4 19.9 20. 4.9 20.6 20.5 $.2 
Average 16.6 16.5 5.3 16.7 16 3 5.2 16.7 16.5 Be 
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averaged a saving of 9.8 with the right and women 11.1 seconds. 
Both sexes showed a clear consistent advantage with right hands in 
time, error and preference as well as greater variability in left hands. 


Individual data will be found in Tables III, IV, V, VI and VII. 


In the cube sorting test cubes were one-quarter of an inch on the 
sides and the small cylinders were also one-quarter of an inch in 
diameter and height. This test was slightly more difficult than the 
former one. The 10 objects were not in a definite arrangement but 
were mixed up thoroughly each test. 


The mean performance for all left hands was 40.1 seconds with a 
sigma of 14.6 and with an average error of 0.2; this mean for right 
hands was 40.2 seconds with a sigma of 14.3 and with an average 
error of 0.1. In the group 48% were quicker with the left and 48% 
with the right. The average saving for those preferring the left was 
11.4 and for those preferring the right 11.2. This test gave little 
differentiation between the hands. 


From the standpoint of sex difference the mean for the left hands 
of men was 41.6 seconds with a sigma of 13.7 and with an average 
error of 0.3; this mean for women was 38.7 seconds with a sigma 
of 15.2 and with an average error of 0.1. The mean for the right 
hands of men was 39.1 seconds with a sigma of 14.6 and with an 
average error of 0.1; this mean for women was 41.4 seconds with a 
sigma of 14.0 and with an average error of 0.1. In terms of the 
quicker performance 38% of the men and 58% of the women were 
swifter with the left while 60% of the men and 36% of women were 
quicker with the right. The average saving for men with the left 
was 10.5 and for women 12.0 seconds while the average saving for 
men’s right hands was 10.8 and for women 12.0. On this test men 
continued a slight fairly consistent preference for the right hand but 
women showed preference for the left hand in speed and preference. 


The third test for the hands was very difficult. The sizes of the 
corks differed so little that they were kept colored that the experi- 
menter in the necessary swift sorting would not be confused. The 
height and diameters of the corks differed one-sixteenth of an inch. 
Subjects used two methods of discrimination either a comparison of 
total volume or careful measurement of diameters. 
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The mean performance for all left hands was 95.3 seconds with a 
sigma of 48.2 seconds and with an average error of 1.9. The mean for 
the right hands was 95.4 seconds with a sigma of 51.7 and with an 
average error of 1.9. Of the group 52% preferred the left and 45%, 
the right hand. In terms of seconds saved by the preferred hand the 
left averaged 23.6 seconds and the right 27.1 seconds. There was no 
clear difference for either hand on this test. 

As far as sex differences were concerned the mean for the left 
hands of men was 92.8 seconds with a sigma of 46.2 and with an 
average error of 2.8. The left mean for women was 97.8 seconds with 
a sigma of 49.9 and with an average error of 2.4. The mean for the 
right hand of men was 91.8 seconds with a sigma of 43.5 and with an 
average error of 1.9. This mean for women was 99.0 seconds with 
a sigma of 57.9 and with an average error of 2.4. In terms of the 
quicker performance 56% of men and 48% of women were quicker 
with the left; 42% of men and 48% of women were quicker with the 
right. The average saving for men with the left was 17.2 seconds 
and for «omen 31.1 seconds while the average saving for the right for 
men was 25.4 and for the women 28,5 seconds. The men made con- 
siderably less errors with the right hand with slight difference in time 
between the two hands. There were more men swifter with the left 
hand than the right but those preferring the right made a greater aver- 
age saving. In time, error and preference there was little difference 
between the hands of women. 

Several additional tests were given to about 30 students. Differen- 
tiation of the coarser of 16 paired sections of sandpaper gave no 
difference between the feet nor between the hands in time of per- 
formance. Another test without vision was the reading with the 
fingers of nonsense syllables made up of letters of the alphabet that 
might be read in either direction like A, H, T and Y. Heavy cord 
was stitched upon cardboard to form these letters which then appeared 
in raised form. Groups of 50 of these letters in syllable forms were 
read from both directions right to left and left to right. In reading 
from right to left both hands required about 30 seconds more time 
than in reading from left to right. No difference in errors appeared 
with the left hand in either direction but the right made considerably 
more errors in the right to left direction than the left to right. In 
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reading from right to left the left hand averaged 153 seconds for 
performance with 64% of the cases quicker with that hand. The 
right hand required 158 seconds for performance with only 36% 
of cases quicker with that hand. In this direction the left averaged 
0.7 errors and the right 1.6. In the direction from left to right the 
left hand averaged 118 seconds with 71% of cases quicker with the 
left hand while the right averaged 124 seconds with only 29% quicker 
with the right. In the left to right direction the left averaged 0.7 
errors and the right 1.2 errors. Even though only 30 cases were used, 
this test showed a clear advantage for the left hand in such reading 
even though students had had no practice. About one-third of this 
group were left-eyed on the cone and peephole test. 

To summarize the sensory hand tests, some comparisons should be 
made. The means and midscores for the two hands of all cases 
differed about 2 seconds and sigmas differed less than 4. The aver- 
age difference for total errors on the 3 hand sensory tests combined 
was 2.6 for the left and 2.1 for the right. The percent of preference 
was the same on the cube sorting test, 12% more for the right on the 
marble sorting test and 7% more for the left on the cork test. 

If the decrease or increase of the performance time of the third 
trial over the first trial be considered for all cases, the difference 
between the hands was slight. An average of the results of the three 
hand sensory tests showed the left hands decreased time in 60% 
of cases with an average decrease of 13.6 seconds; the left increased 
time in 32% of cases with an average increase of 10.5 seconds. The 
right hands decreased time in 58% of cases with an average decrease 
of 14.9 seconds; the right increased time in 38% of cases with an 
average increase of 11.3 seconds. Table XIII should be consulted. 

The combined evidence of hand and foot sensory tests showed that 
the 6 means differed 6 seconds or less and that the 3 means favoring 
the right were slightly greater than the 3 favoring the left. Of the 
midscores 2 were about the same and 4 favored the right. In 3 tests 
the percent of preference favored the left and 2 the right. Sigma 
differed for the 2 sides less than 7 points with 3 differences for each 
side. On sensory tests right feet were very slightly quicker than left 
ones while on the hand tests the evidence was conflicting. It is un- 
likely that the undersides of the toes showed much difference in skin 
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thickening for either foot while the generally greater use of the right 
hand may have produced such a difference in the hands. 

The sensory tests were interesting from another standpoint. The 
kind of differentiation required in these tests was little practiced by 
the average person. In these sensory tests the basic trends to lateral 
preference with a minimum of practice effects should be revealed. The 
feet revealed a slight right preference in means while the evidence from 
the hands was conflicting. No clear differentiation of lateral preference 
was found in sensory learning for either feet or hands.. Should the 
experimenter conclude that lateral preference, at least for sensory 
learning, was dependent upon practice rather than innate factors? 


5. RESULTS OF MOTOR TESTS WITH AND 
WITHOUT VISION 


Results of motor tests without vision in earlier work indicated the 
need of further study of the effect of lack of vision upon motor 
performance. 


(1) Motor TEsts oF FEET WITH AND WITHOUT VISION 

The grasping-carrying or transfer test consisted of picking up 
and transferring 5 three-quarter inch marbles from one small dish 
to another one 12 inches away. This test differed from an earlier 
one in two ways. Five instead of 10 marbles were used to cut down 
experimental time. The two dishes were placed vertically instead of 
horizontally to eliminate any directional preference for the left foot 
on the practiced left to right direction. 

Tables X, XI and XII should be consulted. Without vision the left 
mean for all cases on the grasping-carrying test was 43.4 seconds 
with a sigma of 23.3; the right mean was 43.0 with a sigma of 26.5. 
In the group 48% were swifter with the left and 50% with the right 
with the average seconds saved the same for both feet. When the 
subjects could not see, there was practically no difference between 
the feet. With vision the left mean was 26.3 with a sigma of 10.8 
and the right mean was 24.2 with a sigma of 10.8. With vision 41% 
of cases preferred the left and 55% the right. The average saving for 
right feet was 9.1 seconds and for the left 7.2 seconds. With vision 
the right foot had a slight preference. 
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A comparison with the former test administered to 100 subjects 
with 10 marbles and with the dishes arranged horizontally showed a 


slight left preference with vision in this group. Their average per- 
formance time for the left was 57.7 seconds with a sigma of 35.2 and 
for the right 59.4 seconds with a sigma of 37.8. In this group 
48% were quicker with the left and 47% with the right. The 
average saving for the left foot was 20.8 seconds and for the right 
17.6 seconds. 

Differences became more evident when the sexes were compared 
on this test. Without vision the mean performance of men’s left 
feet was 44.2 seconds with a sigma of 20.9 and the right 48.6 seconds 
with a sigma of 34.0. Of the male group 54% preferred the left 
and 46% the right with the greater saving in the left foot. Without 
vision the mean performance of women’s left feet was 42.6 seconds 
with a sigma of 26.0 and the right 37.5 seconds with a sigma of 
14.2. Of the female group 42% preferred the left and 54% the 
right with the greater saving in the right side. Without vision 
there was a small but clear advantage for the left feet of men on this 
test and for the right feet of women. 

Did this relationship hold with vision? For men the mean left 
performance was 27.0 seconds with a sigma of 17.0 and for the 
right 26.4 seconds with a sigma of 14.1. Of the male group 46% 
preferred the left and 48% the right with a slightly greater saving 
in the right foot. With vision the mean left performance of women 
was 25.5 seconds with a sigma of 11.5 and for the right 21.9 seconds 
with a sigma of 7.1. Of the female group 36% preferred the left 
and 62% the right with the greater saving in the right foot. With 
vision men showed practically no difference between the feet, that 
is, they shifted from a slight left advantage toward a right advantage. 
With vision women increased slightly the right preference. For 
both sexes vision in this test tended to increase preferential use of 
the right foot. 

What sex differences existed on the original test with 10 marbles, 
with the dishes in the horizontal direction and with vision? The left 
mean for men was 61.4 seconds with a sigma of 41.7 seconds and 
the right mean was 54.8 seconds with a sigma of 30.1. Of the male 
group 40% were better with the left and 54% with the right with 
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the greater saving of 7.4 seconds in the right foot. On this test the 
left mean for women was 54.1 seconds with a sigma of 26.7 and for 
the right 63.6 seconds with a sigma of 43.9. Of the female group 
56% preferred the left and 40% the right with a much greater 
saving of 14.3 seconds in the left foot. In the original test for men 
evidence was conflicting with performance time and average saving 
favoring the right foot and with slightly more cases quicker with 
the left. Women, however, showed a striking advantage for the left 
foot in all ways. These relationships were very different from those 
in the test with vision and with the dishes in the vertical direction. 
The women of both groups were definitely right footed with two- 
thirds or more of the cases quicker with the right foot on the peg- 
board and tapping tests in the earlier tests and on the manipulation of 
marbles into the inverted bowl of this series. Two specific factors 
probably accounted for the variation of results. In the original test 
with the dishes placed horizontally and the marbles transferred from 
the dish nearest the performing foot, there was a directional prefer- 
ence for the left foot which moved from left to right. The more 
relaxed or weaker foot would probably carry more round objects than 
the stronger foot. The left feet of men were consistently quicker 
and stronger than women’s left feet yet women averaged one less 
trip with their left feet than men on this test. This test was well 
worth studying in detail because it showed how readily rather small 
factors modify test results. 

To test further this directional preference of movement in the 
horizontal plane without the complications of a task, subjects were 
asked to move the foot from one dish to the other in five trips for 
each test. The left foot moved from left to right and back while 
the right foot moved from right to left and back. This was done 
without and with vision. The movements were so quick that timing 
was difficult. For the entire group the left mean without vision was 
12.6 seconds and for the right 12.4 seconds. For the group 26% 
were quicker with the left and 35% with the right while 39% 
gave about equal performance. While the mean differences were 
not great it was interesting that certain individuals showed from 
1 to 6 seconds difference in this directional performance. For the 
entire group with vision the left mean was 9.0 and the right 8.7 
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seconds. For the group with vision 17% preferred the left and 
33% the right with equal performance in 50% of the cases. The 
differences between the sexes were negligible. Vision decreased 
for both sexes the left preference and increased the numbers with 
equal performance. 

The manipulation test was the same as in an earlier series except 
that only 5 marbles were picked up without vision from the tray 
and placed in the small hole of the inverted wooden bowl. This 
test showed a high right preference. For all cases the mean perform- 
ance of the left foot without vision was 118.7 seconds with a sigma 
of 73.3 and the right was 102.2 seconds with a sigma of 71.8. For 
the group 32% were quicker with the left and 68% with the right. 
The average saving for the left was 44.8 and for the right 45.3. 

What change did vision produce in this test for the group? The 
mean left performance was 40.9 seconds with a sigma of 13.4 and 
for the right 35.6 seconds with a sigma of 19.9. For the group 
26% were quicker with the left and 71% with the right foot. The 
average left saving was 12.5 and for the right 12.0. Lack of vision 
seemed to exaggerate differences between the sides while vision tended 
to shift left preferences toward the right. 

How did the performance of this group of 90 students compare 
with the former group of 100 on the same test but with twice as 
many marbles? The mean left performance for the earlier group was 
216.0 seconds with a sigma of 104.2 and the right was 181.0 seconds 
with a sigma of 80.5. Of the entire group 33% were quicker with 
the left and 67% with the right. The average saving for those with 
left preference was 43.7 seconds and for those with the right prefer- 
ence 74.4 seconds. With two entirely different groups the per cent 
of preference was practically the same. Continuing the task with 
5 more marbles increased the difference between sides significantly. 
With 5 marbles the difference between sides was only 16 seconds; 
with 10 marbles the difference became 77 seconds. The weaker 
foot fatigued rapidly and that repetition of activity increased the 
reliability of the test. 

Both sexes showed fairly definite right preference on this test. 
Without vision the left mean for males was 127.8 seconds with a 
sigma of 80.2 and the right 107.8 with a sigma of 57.3. For this 
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group 38% preferred the left and 62% the right foot. The left 
foot averaged a saving of 29.8 seconds while the right averaged 50.5 
seconds. Without vision the left mean for women was 109.6 seconds 
with a sigma of 64.4 and the right mean was 96.6 seconds with a 
sigma of 83.5. Of the women 26% were quicker with the left and 
74% with the right. The average saving for the women’s left was 
66.8 seconds and for the right 41.0 seconds. 

What effect had vision upon this test for sex differences? With 
vision the left mean for men was 46.8 seconds with a sigma of 37.7 
and the right 38.8 with a sigma of 24.7. Of the men 22% were 
quicker with the left and 76% with the right with the average saving 
about the same for both feet. The left mean for women with vision 
was 34.9 seconds with a sigma of 10.1 and the right mean was 32.4 
seconds with a sigma of 12.9. Of the women 30% were quicker 
with the left and 66% with the right with the average saving 
slightly greater in the left foot. Both sexes showed a definite right 
preference in this test with vision but the difference between the two 
sides in mean performance was decreased with vision. Performance 
time and variability were both decreased with vision. 

In this test on the early series the mean for the left feet of men 
was 229.2 seconds with a sigma of 127.3 and the right mean was 
198.6 with a sigma of 93.3. In this group 36% preferred the left 
and 64% the right. The average saving for the left was 44.5 and 
for the right 72.0. The left mean for women on the early series 
was 202.9 seconds with a sigma of 74.5 and the right mean was 163.4 
with a sigma of 60.9. Of the women 31% favored the left foot and 
69% the right. The average left saving was 42.8 seconds and for 
the right 76.5 seconds. The results of the first test were similar to 
those of the later group as far as general differentiation of sides was 
concerned. The percentages of preference for the left and right feet 
were remarkably similar. With 5 marbles the means for men differed 
20 seconds and for women 13. With 10 marbles means for men 
differed 31 seconds and for women 40 seconds. Using more niarbles 
with the accompanying fatigue factor, increased differéntiation of 
sides. 

After the experimentation got under way it was found-that there 
was time for an additional test. ‘The manipulation test with locks 
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was used. The mean left performance for all 71 cases was 67.5 
seconds and the right 69.2 seconds. The women showed little differ- 
ence in mean time of performance and in per cent of preference. 
Men’s left feet averaged 69.3 with 57.9% of cases quicker with the 
left. Men's right feet averaged 72.1 seconds in performance time 
with 36.8% of cases preferring the right. 

As a suminary to the section on motor foot tests with and without 
vision, certain general trends should be stated. In the first place 
sigma was greatly increased without vision, especially for the left 
foot. The left sigma as Table VIII shows, averaged for the three 
foot tests without vision 46.8 and with vision 9.8 while the right 
without vision was 34.9 and with vision 11.9. In the second place, 
without vision mean performance time was greatly increased. The 
left mean on the three tests without vision averaged 58.2 and with 
vision 25.4 while the right mean without vision averaged 52.5 and 
with vision 22.8. In the third place, the difference between the left 
and right side was greater without vision than with vision. Without 
vision the difference between the sides on the basis of the average 
of the three means was 5.7 while the difference with vision was 2.6. 
The difference between sides on the more difficult manipulation test 
without vision was 16.5 seconds and with vision 5.3 seconds. In 
the fourth place, vision tended to increase the percent of cases with 
equal performance and to shift the group toward a right preference, 
more evident in the difficult test. The average for the percent of 
preference on the three tests without vision was 35% left, 51% 
right and 13% equal while with vision this became 28% left, 
53% right and 19% equal. For the more difficult manipulation 
test without vision the percent of preference was 32% left, 68% 
right and 0% equal while with vision this became 26% left, 
71% right and 3% equal. On the three tests without vision the 
difference between the left and right percent of preference averaged 
15.6 more for the right while with vision this became 25.0 more 
for the right. In the fifth place, the right foot was favored without 
vision if the decrease or increase in performance time of the third 
over the first trial be considered. For this comparison listed in Table 
XIII only 2 tests were used since differences in the cross movement 
were so small. With the left foot without vision 70% of cases 
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decreased time with an average decrease of 38 seconds while 29% 
of the left feet increased time with the average increase of 16 seconds. 
With the right foot 81% of cases decreased time with the-average 
decrease of 30 seconds while only 18% of the cases increased the 
time with the average increase of 12 seconds. With vision the left 
foot decreased time in 64% of cases and the right in 62%. The 
left foot made a fairly good showing in this comparison. In the 
sixth place, vision tended to produce more shortest trials that were 
either equal or shifted to the right side. As Table XIV shows, the 
average for the shortest trials on the two tests compared without 
vision, was 46% left, 50% right and 5% equal while with vision 
this became 36% left, 54% right and 11% equal. 

Were any sex differences to be noticed in performance with and 
without vision? In the first place, sigma was increased more for 
women than men with both feet without vision. On the three tests 
without vision as compared to these with vision the average of sigma 
for the left foot decreased 16. points for men and 23. points for 
women while the average for sigma for the right foot decreased 18. 
points for men and 26.5 for women. In the second place, lack of 
vision increased the time of. performance more for men than women. 
Without vision men’s average of left means was 5.9 points greater 
than women’s average for left means while with vision men’s left 
average was 4.0 greater than women’s. Without vision men’s aver- 
age of right means was 6.7 more than women’s while with vision 
this average was 3.2 greater than women’s. On the more difficult 
manipulation test without vision men’s left mean was 18. seconds 
more than women’s and with vision 11.9. Without vision men’s 
right mean on this test was 11.2 seconds more than women’s and with 
vision 6.4 seconds more. 

In the third place lack of vision exaggerated the difference between 
sides somewhat more for women than men on the basis of the average 
of the 3 means. Without vision men showed 5.3 seconds between 
sides and with vision 3.0 while women without vision showed 6.1 
seconds between sides and with vision 2.3 seconds. 

In the fourth place vision shifted the percent of preference toward 
the right side with greater equality of performance somewhat more 


in the case of men than women. Without vision men showed: on 
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TABLE XIV. 
Percent of Lateral Preference in Terms of Shortest Trial on Tests 
Left Right Equal 
Test Men Wom. Total Men Wom.Total Men Wom.Total 
Sensory foot tests: 
1. Marbles 56 38 47 42 56 49 2 6 4 
2. Cubes 36 40 38 52 58 55 12 2 7 
3. Corks 48 62 7? 46 36 41 6 3 4+ 
Average 47 47 47 47 #50 48 7 3 5 
Sensory hand tests: 
1. Marbles 40 40 40 72 44 48 8 16 12 
2. Cubes - 40 40 40 40 48 44 20 12 = «16 
3. Corks $2 52 52 42 40 41 6 8 7 
Average at 44 44 45 44 44 11 12 12 
Motor foot tests without vision: 
1. Grasping-C. 60 38 49 34 50 42 6 12 9 
3. Manipulation 42 42 42 56 58 57 2 0 l 
Average 51 40 46 45 54 50 2 6 5 
Motor foot tests with vision: 
1. Grasping-C. 38 30 34 42 58 ##$5O 20 12 16 
3. Manipulation : 2 WF & & 6 6 6 
Average 35 36 36 52 55 54 13 9 11 
Motor hand tests without vision: 
1. Grasping-C. 40 4s 42 52 46 49 8 10 9 
3. Manipulation 36 40 38 62 50 56 2 10 6 
Average 38 - 420C40i—ei 7 48 O53 5 10 8 
Motor hand tests with vision: 
1. Grasping-C 38 (-36—i—i370 460 C46 46 i168 
3. Manipulation 32 32 | 320«6300C is 46s #BCsiCi‘zaeSOCOS C00 
Average 35 340 350 48460 47 17 @ 19 








foot tests 37% left, 44% right and 15% equal preferences while 
with vision they had 26% left, 53% right and 21% equal preference. 
Table IX should be consulted. Without vision women showed 33% 
left, 55% right and 12% equal preference and with vision 30% left, 
Without vision women averaged a 


53% right and 17% equal. 


difference of 21. for the right in percent of preference and with 
vision 23. while men without vision averaged a difference of 13. for 
Vision significantly 


the right and with vision 27. for the right. 
increased the number of men who were quicker with the right foot. 
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In the fifth place, the percent of cases showing decreased time 
from first to last performance showed that both sexes without vision 
had greater rate of decrease on the right side with more difference for 
men than women. With vision both sides had about the same percent 
of decrease on the right side but with the left side men showed a 
greater percent of decrease than women. Without vision men showed 
decreased time for 65% of left feet and 79% right feet while with 
vision they had 69% decrease of left feet and 63% decrease of right 
feet. Without vision women had 74% decrease in the left foot 
and 82% in the right while with vision they had 58% decrease in 
the left and 61% right decrease. 

In the sixth place, lack of vision decreased the percent of shortest 
trials on the left side for both sexes, more for men than women. 
Without vision men had 51% left, 45% right and 4% equal short- 
est trials according to Table XIV while with vision they had 35% 
left, 52% right and 13% equal. Without vision women had 40% 
left, 54% right and 6% equal while with vision they had 36% left, 
55% right and 9% equal shortest trials. 


(2) Motor Tests oF HANDS WITH AND WITHOUT VISION 


For comparative purposes hand tests were selected similar to the 
foot ones. They were given with and without vision. In the first 
hand test 20 ball bearings about 3/16 of an inch in diameter were 
transferred from one dish to another one in a vertical plane. The 
dishes were the same as those used for the foot test of grasping 
and carrying. With the hand test the dishes were tipped slightly 
so the ball bearings would collect on one side of the dish. This 
proved to be a poor test of handedness since minor factors greatly 
affected results. Without vision the left and right means were both 
36 seconds with a sigma of 12. In the group 48% were swifter 
with the left with an average saving of 7.6 seconds and 49% with 
the right hand with an average saving of 8.2 seconds. With vision 
the means were the same for both hands with sigma slightly greater 
for the left hand. Means with vision were 13 seconds less than 
without vision. With vision 45% of the cases were swifter with the 
left and 46% with the right with an average saving of 5 seconds for 
both hands. 
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As far as sex differences were concerned without vision there 
was no difference for men between the sides while women were very 
slightly swifter and less variable with the right hand. The sexes 
presented a reversal of preference. Of the men 56% were quicker 
with the left and 44% with the right with the average saving the 
same for both hands. Of the women 40% were swifter with the 
left and 54% with the right hand which also had slightly greater 
saving. With vision the means for both sexes were the same and 
both showed slightly greater variability in the right hand. 

In the earlier series a similar test without vision was given in which 
subjects transferred 100 ball bearings from one dish to another in 
the horizontal plane. For all cases the mean performance for both 
hands was the same with 51% of cases quicker with the left and 
47% with the right. In this earlier test the left mean for men 
was 88.1 seconds with a sigma of 46.1 and the right 82.2 with a 
sigma of 37.9. Of the men 40% were better with the left and 56% 
with the right with the greater saving in the right hand. On the 
early test women had a left mean of 71.6 seconds with a sigma of 
22.5 and a right mean of 75.4 seconds with a sigma of 23.7. Of the 
women 61% were better with the left and 39% with the right with 
the average saving about the same for both. On this early test 
men showed a definite right preference while women showed a 
definite left preference. While the men showed little difference in 
the number of trips for either hand, the women showed in two-thirds 
of the cases significantly less trips with the left hand. The more 
relaxed left hand of women probably carried more round objects. 

The cross‘movement hand test was the same as for feet. The 
time element involved in the task was more difficult to measure with 
the hands than with the feet. For the entire group without vision 
the right mean was slightly less than the left. Of the group 18% 
were quicker with the left hand and 42% with the right hand with 
no difference in 40% of cases. There was slightly more saving in 
case of the right hand. With vision the means were the same. With 
vision 20% were quicker with the left and 27% with the right, 
with no difference in 53% of cases. Vision tended to minimize 
differences between the hands. Were there any noticeable sex dif- 
ferences in this test? The factor of vision seemed to be more import- 








TABLE: XV. 








E 


‘ 


bt 


cl 
II 
8 
8 
a 
tl 
IT a 
i 1 : ’ P| 


JUIUIIAOP DUIAIIeT) 


~— 
yA 
< 
z. 
2 
O 
a) 
= 
<x 
a4 
a 
be 
< 
= 
~ 
a4 
oe) 
PA 
yA 
fy 
Yr 


d d JUIWI IAI Surkas 
uonendiutr uonrndiue J 
-Suldseiy I W SsO1T) Buidstus walqng 


}O oO 


UOISIA INOYINAY 


UOTISTA, gNOYyWM pue yam s3so puey IOJO-!W 24) uo us-W IO} SPUOIIG ul oul | IIUPULIO JI9q 


“AX ATAVL 











Nn 
~ 
Nn 
Nn 
lo 
fe) 
a 


mir nr ONnNr|oOo tw ein 
a 


anessay 
6... 
“6+ 
‘Sb 
“LY 
‘OF 
“Sv 
Yh 
“tr 
4 2 


| 
} 
| 


NO la 
a 


AQ waa 
nN 


or 

aan 

“om 
wit 


I 
oOo 


7-2 & 
aaa 
Tw YT Ole 
“oO Coe 
— ao 





me Olio 

at AN 

Tere Omoirranreas 
TA wM TiO 
otnr ult OT Tt OO 
= 
COUnMriT OTK ALP 


on 





rTRMaiOoON 
ANA AAS A 
=“ A 

noe 








Oirtrr OTITA ww TIM 


en 
jt OFT CO;T OO wi 





a4 
wt 
Z 
QA 
ad 
3 07 
4 
0G 
< 
wW 
a 
ul 


TIiOoONe 
Oe IN 


Commit ONwlitovot lh Aw we tin 
= 


weortiton 
aA © wm 


— 
— 


c 
o¢ Le 
Te £7 (eo 
61 6I 9¢ 
ce} SI 67 


Ps | ss Ps | T Ps | YU | 
qUIWIIAOW Surkleg 





wtin 
won 


wmeoworin~ = 
KH ANA KF ANA NAN 
on 


otromin 


cn 
on 





— 





qUIWIIZAOWT surhiseg ‘hiatal 
ssO1D -BSurdseig Bena, ssO1n -Buidseay palqng 
jo ‘ON 


uonendrueyy 





WORST, WIAA UOISEA INOYA\ 








(3009) AX TIAVL 





“I 
“I 


4VU 


31 
23.3 


52 
45.9 


53 
49.5 


6.8 


45 55 
erage 36.0 36.9 


50. 
Average 








SENSORY LATERAL DOMINANCE 111 


ant in the case of men. Without vision men showed a greater differ- 
ence between hands than in the case of women. Without vision men 
were quicker with left in 12% of cases and with the right in 50% 
of cases while women were quicker with left in 24% of cases and 
with the right in 34% of cases. With vision men were quicker 
with left in 16% of cases and with the right in 30% of cases while 
women had 24% of cases quicker for both left and right. 

The manipulation hand test resembled greatly the foot manipulation 
test. A convex cover 3 inches in diameter had a very small hole in 
the center. This cover was placed against the bottom of a small 
tin plate 6 inches in diameter. Ten 3/16 inch ball bearings were 
placed in the tin plate which was held on an inclined plane so the 
ball bearings were on the side toward the subject. Subjects placed 
these 10 bearings into the small central hole of the cover with and 
without vision. For all cases without vision the left mean was 
49.5 seconds with a sigma of 12.2 and the right was 45.9 seconds 
with a sigma of 11.4. In this group 35% were quicker with the 
left and 62% with the right with the average saving the same for 
both hands. With vision the left mean was 21.4 with a sigma of 
5.6 and the right mean 20.6 with a sigma of 5.2. With vision 40% 
of the group were quicker with the left and 50% with the right 
with no difference in 10% of cases. The average saving for the left 
was 2.6 seconds and for the right 3.7 seconds. Vision tended to 
equalize the performance of the two hands with less difference in 
mean performance and percent of preference. 

For comparative purposes it was interesting to observe the similar- 
ity of the group in foot and hand performance on this test. There 
was much greater difference between the feet in performance time 
and percent of preference without vision than between hands with- 
out vision. Without vision about two-thirds of the group were 
quicker with both the right feet and the right hands. Vision shifted 
the percent of preference toward the right in the case of feet and 
produced more equality of performance in the case of the hands. 

What sex differences were shown on the manipulation hand test? 
Without vision both men and women gave similar hand perform- 
ances with the right hand quicker by 3.5 seconds in mean perform- 
ance. With vision both sexes showed the right hand quicker by about 
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one second. Without vision both sexes showed preference for right 
hands in about two-thirds of the cases while with vision both sexes 
showed slight increase in left preferences, a decrease in right prefer- 
ences and an increase in equality of preferences. 

To summarize the section on motor hand tests with and without 
vision certain general trends should be noticed. In the first place 
according to Table VIII sigma for both hands increased without 
vision. The left sigma for the 3 tests without vision averaged 9.7 
and with vision 5.7. The right sigma for the 3 tests without vision 
averaged 9.3 and with vision 5.2. In the second place mean per- 
formance time of hands was significantly increased without vision. 
The average for the 3 left means without vision was 30.9 and with 
vision 17.1 while the average for the 3 right means without vision 
was 29.8 and with vision 16.7. In the third place without vision 
there was slightly more difference between the left and right hands 
than with vision. Without vision the average of the 3 left means 
was 1.5 more than the average for the 3 right means. With vision 
the left average was only 0.3 more than the right average. 

In the fourth place as Table IX shows, vision tended to decrease 
right preferences and increase equality of preferences in the group. 
Without vision the average percent of preference on the 3 tests was 
33% left, 51% right and 15% equal while with vision the average 
percent was 35% left, 41% right and 24% equal. From Table IX 
the average of the differences in percent of preference for tests with- 
out vision was 17.3 for the right and with vision 6.0 for the right. 

In the fifth place a comparison of saving of time between the first 
and third repetitions of tests on the two tests compared in Table XIII, 
showed no difference between the hands but time decreased without 
vision in more cases than with vision. An average of the two tests 
for all cases without vision showed the left hand decreasing perform- 
ance time in 76% of cases and increasing it in 19% while the right 
hand decreased time in 75% of cases and increased it in 21% with 
the amounts of decrease and increase just about the same for both 
hands. An average of the two tests with vision showed the left 
decreasing time in 55% of cases and increasing it in 29% while 
the right decreased it in 54% and increased it in 33% with the 
amounts about the same for both hands. 
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In the sixth place according to Table XIV, the percent of shortest 
trials was decreased for both left and right hand with more cases of 
equality of shortest performance. Without vision shortest trials 
were 40% left, 53% right and 8% equal. With vision these 
became 35% left, 47% right and 19% equal. The more accurate 
manipulation test had without vision 38% left, 56% right and 6% 
equal while with vision these became 32% left, 48% right and 
20% equal. 

There were few sex differences in hand performance with and 
without vision. Sexes gave very similar responses on variability, 
mean performance, percent of preference and preference for shortest 
trials. The one difference noticeable was in percent of cases with 
decreased time from first to third repetitions in Table XIII. Without 
vision men showed 78% cases decreasing time with the left and 
76% with the right while women had 74% decreasing with the left 
and 73% with the right. Responses without vision were similar but 
with vision not so many women decreased time as men. With vision 
men showed 63% cases decreasing time with the left and 62% with 
the right while women showed only 47% cases decreasing time with 
the left and 46% with the right. On the manipulation test men 
showed 72% cases decreasing with the left and 64% with the right 
while women had only 46% cases decreasing time with the left and 
58% with the right. Since women showed this more in the left 
hand, perhaps fatigue explained the difference between the sexes on 
this point. 


(3) CoMPARISON OF Foot AND HAND TESTs WITH AND 
WITHOUT VISION 

A comparison of foot and hand tests with and without vision gave 
some interesting differences. First, sigma for feet increased much 
more without vision than sigma for hands without vision. Without 
vision sigma for the left foot increased 37.0 points and for the left 
hand only 4.0. Sigma for the right foot increased 23.0 points and 
for the right hand 4.1. Sigma increased about the same amount for 
both hands without vision but the left foot showed a greater increase 
in sigma than the right foot. Secondly, without vision means for 
feet more than doubled while means for hands less than doubled. The 
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left average for the 3 foot means without vision increased 32.8 seconds 
and for the hands only 13.8 seconds. The right average for the 3 foot 
means increased 29.7 seconds and for the hands only 13.1 seconds. 
Lack of vision was slightly more detrimental to left foot performance 
than right while the hands did not show an unequal effect to any 
extent. 

In the third place without vision the difference between the left 
and right side was exaggerated for both feet and hands on the basis 
of averages for the 3 tests. The right side was quicker for both feet 
and hands. The difference between the sides in feet without vision 
was 5.7 and with vision 2.6. The difference between sides in hands 
was 1.5 without vision and 0.3 with vision. In the fourth place 
vision for both feet and hands tended to produce similarity of per- 
formance for the two sides, perhaps slightly more for hands and 
feet, that is, on the basis of percent of preference. Vision in foot 
tests tended to increase the percent of right preferences. This was 
not noticeable in hand tests but the hand tests were significantly 
easier for hands than the foot tests for feet. Without vision foot 
preferences were 35% left, 51% right and 13% equal and with 
vision 28% left, 53% right and 19% equal. Without vision hand 
preferences were 33% left, 51% right and 15% equal and with 
vision 35% left, 41% right and 24% equal. The percent of prefer- 
ence for hands and feet without vision were remarkably similar. 

In the fifth place, a comparison of decrease of performance time 
from first to third repetitions for feet and hands showed lack of 
vision was more favorable for decreasing time than vision for both 
hands and feet. Without vision the left foot decreased time in 70% 
of cases and the right foot in 81% while the left hand decreased 
time in 76% of cases and the right hand in 75%. With vision the 
left foot decreased time in 64% of cases and the right foot in 62% 
while the left hand decreased time in 55% of cases and the right 
hand in 54%. The right foot without vision showed more cases of 
decreased time than the left foot but there was no difference between 
the hands without vision. With vision neither side showed any 
preference in rate of decrease for either hands or feet. The fact that 
there were less cases showing decreases with hands than with feet 
was probably due to the fact that hands were nearer their efficiency 
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level of performance than feet. In the sixth place, on the basis of 
shortest trials both hands and feet showed a significant increase of 
equal performance of the left and right sides with vision. In addi- 
tion vision of the feet tended to shift the shortest trials away from 
the left toward the right. Shortest trials for feet without vision were 
46% left, 50% right and 5% equal while with vision these became 
36% left, 54% right and 11% equal. Shortest trials for hands 
without vision were 40% left, 53% right and 8% equal while with 
vision they were 35% left, 47% right and 19% equal. 

Sex differences in foot performance with and without vision were 
wide and varied, but in hand performance with and without vision 
were hardly noticeable. Without vision sigma increased more for 
women than men on foot tests. Performance time for feet without 
vision was increased more for men than women. Lack of vision of 
the feet increased the differences between sides in performance time 
more for women than men. Vision increased right preferences in 
paired differences more for men than women on foot tests. Vision 
decreased the number of shortest trials on the left side rather markedly 
for men but not for women. The fact that none of these differences 
was very noticeable on the hand tests probably indicated that the use 
of the hands by the two sexes was more similar than the use of the 
feet in everyday living. 


6. INDIVIDUAL ANALYSIS OF DATA FOR GROUP THREE 
(1) InpivipuAL ANALysIS OF SENsoRY DATA 

The individual analysis included shortest trial, paired difference 
and rate of decrease as in former comparisons.* For the last two 
or these three comparisons the differences for each foot was added, 
changed into units and then subtracted. In the former two sum- 
maries* the differences on tests were added for each foot and the 
differences between sums was changed into units. Tables XVII and 
XVIII should be consulted. 

The sensory data for feet showed that 41% of the group with 
an average of 6.7 units preferred the left foot while 51% with an 
average of 8.4 units preferred the right foot. Eight percent showed 


* Gardner, L. Pearl, Experimental Data on the Problem of Motor Lateral Dominance in 
Feet and Hands. Psychological Record, 1941, vol. 5, no. 1, 1-63. 
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no differences in units between sides. Of the group 46% had more 
shortest trials on the left side and 49% on the right side. On the 
basis of paired difference 40% had more units on the left and 49% 
on the right. In rate of decrease there was a significant difference 
of 33% with more left units and 53% with more right units. 

Some sex differences were shown in foot sensory data. Men had 
more units on the left in 44% of cases and on the right in 48% 
while women had more on the left in 38% and on the right in 54% 
of cases. Men had more shortest trial units on the left side and 
women on the right side. Both sexes showed more right preferences 
than left for paired differences and rate of decrease. The right side 
was preferred somewhat more frequently than the left on sensory 
data with the difference clearer in the case of women. 

The hand sensory data showed that 47% of cases had more units 
on the left side with an average of 5.2 and that 41% had more on 
the right side with an average of 6.5 units. Twelve percent showed 
no difference between sides. More shortest trials were on the left 
side in 46% of cases and on the right in 44%. Paired difference 
units were on the left side in 38% of cases and on the right in 46%. 
Rate of decrease units were on the left side in 41% of cases and on 
the right in 42%. 

Sex differences in sensory hand totals showed slight differences 
between sides in the case of women and a slight left preference in 
the case of men. Women had 44% of cases with more left units 
and 42% with more right units. Men had 50% of cases with more 
left units and 40% with more right units. Men had more shortest 
trial units on the right side and women on the left. Both men 
and women showed more cases with more right units in the paired 
difference comparison. More men showed more left units in rate of 
decrease and more women showed right units. 

For foot sensory data there seemed to be a slight right advantage 
and for hand sensory data a slight left advantage. The greater use 
of the finger tips of the right hand with subsequent thickening of 
the skin may have been a slight factor in left hand preferences in 
sorting tests. The difference between the two sides as far as these 
sensory measures showed, had been but slightly developed through 
practice. 
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no differences in units between sides. Of the group 46% had more 
shortest trials on the left side and 49% on the right side. On the 
basis of paired difference 40% had more units on the left and 49% 
on the right. In rate of decrease there was a significant difference 
of 33% with more left units and 53% with more right units. 

Some sex differences were shown in foot sensory data. Men had 
more units on the left in 44% of cases and on the right in 48% 
while women had more on the left in 38% and on the right in 54% 
of cases. Men had more shortest trial units on the left side and 
women on the right side. Both sexes showed more right preferences 
than left for paired differences and rate of decrease. The right side 
was preferred somewhat more frequently than the left on sensory 
data with the difference clearer in the case of women. 

The hand sensory data showed that 47% of cases had more units 
on the left side with an average of 5.2 and that 41% had more on 
the right side with an average of 6.5 units. Twelve percent showed 
no difference between sides. More shortest trials were on the left 
side in 46% of cases and on the right in 44%. Paired difference 
units were on the left side in 38% of cases and on the right in 46%. 
Rate of decrease units were on the left side in 41% of cases and on 
the right in 42%. 

Sex differences in sensory hand totals showed slight differences 
between sides in the case of women and a slight left preference in 
the case of men. Women had 44% of cases with more left units 
and 42% with more right units. Men had 50% of cases with more 
left units and 40% with more right units. Men had more shortest 
trial units on the right side and women on the left. Both men 
and women showed more cases with more right units in the paired 
difference comparison. More men showed more left units in rate of 
decrease and more women showed right units. 

For foot sensory data there seemed to be a slight right advantage 
and for hand sensory data a slight left advantage. The greater use 
of the finger tips of the right hand with subsequent thickening of 
the skin may have been a slight factor in left hand preferences in 
sorting tests. The difference between the two sides as far as these 
sensory measures showed, had been but slightly developed through 
practice. 
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Combined foot and hand sensory data showed 39% of cases with 
more left units and 55% of cases with more right units. Both sides 
showed the same average of 9 units. The sexes showed practically 
the same percent of cases on both sides as the figures above but the 
men average 7.3 units with the left and 7.8 units with the right 
while women averaged 10 units with each hand. 

Foot and hand sensory units showed differences on the same side 
in 38% of cases with 18% on the left and 20% on the right. Foot 
and hand sensory units were on the opposite sides in 44% of cases 
with 18% in the left-foot-right-hand group and 26% in the right- 
foot-left-hand group. In 18% of cases zero differences occurred in 
either hands or feet. 


(2) InpIvipUAL ANALYsIS OF Motor DaTA 


Foot motor data showed that 37% of cases had more units on the 
left side with an average of 9.6 units while 58% had more on the 
right side with an average of 11 units. Only 5% showed no differ- 
ence between sides. More shortest trials were on the left side in 
29% of cases and on the right in 50%. Units of paired difference 
were on the left side in 31% of cases and on the right in 66% with 


a slightly higher average for the right side. A greater rate of de- 
crease was shown on the left side by 43% of cases and on the right 
in 50% with the average slightly higher for the left side. 

In foot motor data women consistently showed a stronger right 


preference than men. For the difference totals men had 42% left 
preference and 54% right preference while women had 32% left 
preference and 62% right preference. In shortest trials men had 
32% left preference and 48% right preference while women had 
26% left preference and 52% right preference. In the paired 
difference comparison men had 36% left preference and 60% right 
preference while women had 26% left preference and 72% right 
preference. In rate of decrease 50% of men had more units on the 
left side and 46% on the right while women had 36% on the left 
and 54% on the right. 

For motor hand data 32% of the group had more units on the 
left with an average of 3.5 units and 54% on the right with an 


average of 4.2 units. On the three bases of comparison shortest 








120 L. PEARL GARDNER 


trials showed the greatest right superiority. Although 24% showed 
no difference in shortest trials 29% had more on the left side and 
47% on the right side. In paired differences 33% of cases had 
more units on the left and 49% on the right. No difference in rate 
of decrease was shown in 25% of cases with the rest of the cases 
nearly equally divided in preference for the sides. A rather large 
number of cases showed no difference in units on the various bases 
of comparison. 

There were no noticeable differences between the sexes in motor 
hand performance. The percent of preference was remarkably similar 
for all comparisons. 

Combined foot and hand motor data showed 34% of cases with 
an average difference of 9.8 units on the left side and 62% of cases 
with an average difference of 12. units on the right side. Right 
preferences were clear for both hands and feet, but somewhat greater 
in the case of feet. 

Foot and hand motor units were on the same side in 44% of cases 
with 12% of these on the left side and 32% on the right side. Foot 
and hand units were crossed in 38% of cases with 20% left-footed- 
right-handed and 18% right-footed-left-handed. Of the men 16% 
and of the women 8% had both foot and hand units on the left side. 
Both sexes had 32% of cases with hand and foot units on the right 
side. Eighteen percent of men and 22% of women were left-footed- 
right-handed while 12% of men and 24% of women were right- 
footed-left-handed. 

Were motor and sensory foot preferences on the same side? In 
the group 51% of cases had sensory and motor preferences on the 
same side with 18% on the left and 33% on the right. Thirty-six 
percent of cases had the preferences on opposite sides with 22% 
left-footed on sensory data and right-footed on motor data while 
14% were right-footed on sensory data and left-footed on motor 
data. Zero differences occurred in 13% of cases in either sensory 
or motor data. 

Motor and sensory hand preferences were on the same side in 
40% of cases with 19% on the left side and 21% on the right side. 
Differences were crossed in 36% of cases with 24% left-handed 
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on sensory data and right-handed on motor data and with 12% 
right-handed on sensory and left-handed on motor data. Twenty- 
four percent of cases showed zero differences in either motor or 
sensory data. 

Motor and sensory data for combined foot and hand tests showed 
52% of cases with units on the same side of which 15% of cases 
were on the left and 37% on the right side. In 38% of cases cross 
relationships were shown with 21% left-sided on sensory data and 
right-sided on motor data and with 17% right-sided on sensory data 
and left-sided on motor data. Zero differences occurred in 10% of 


cases. 
7. SUMMARY OF DATA 


A preliminary testing of 40 students on sensory tests of feet and 
hands gave conflicting results. Another group of 100 college students 


were given 3 sensory tests for both hands and feet and several motor 
tests with and without vision. 


(1) SeENsory LATERALITY IN FEET 


Results on the foot sensory tests showed no large preference for 
either side. The slight right preference was more pronounced in the 
case of women than men. Means on the foot tests differed less than 
10 seconds with right means less than left ones in 2 of 3 tests. The 
right midscores were less than left ones in all 3 tests. The average 
error on the 3 tests combined was the same for both feet. On 2 of 
the 3 tests there were more cases quicker with the left foot but an 
average of the 3 tests showed 49% quicker with the left and 50% 
with the right. On 2 of the 3 tests right sigmas were greater than 
left ones. 


(2) Sensory LATERALITY IN HANDS 


Results on hand sensory tests showed even less difference than feet 
between the two sides. Two of the 3 means were equal with one 
smaller for the right side. The average error on combined hand 
tests was 0.9 for the left and 0.5 for the right. The percent of 
preference was equal on one test with one test favoring the right 
and one the left side. 
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(3) Motor Foot Tests WITH AND WITHOUT VISION 
Without vision variability and mean performance time increased 
somewhat more for the left than for the right foot. Without vision 
the difference between the sides on the basis of the average of the 
three means was double the difference with vision. 

Vision tended to increase right preferences over left. The average 
for the percent of preference on the three tests without vision was 
35% left, 51% right and 13% equal while with vision this became 
28% left, 53% right and 19% equal. On the three tests without 
vision the difference between the left and right percent of preference 
averaged 15.6 more for the right while with vision the average was 
25.0 more for the right. The average for the shortest trials without 
vision was 45% left, 50% right and 5% equal while with vision 
this became 36% left, 54% right and 10% equal. 

The effect of vision varied somewhat with the sexes. Sigma was 
increased more for women than men with both feet without vision. 
Lack of vision increased the time of performance more for men than 
for women. Lack of vision exaggerated the difference between sides 
somewhat more for women than for men. Vision decreased left 
efficiency, increased right efficiency and produced more cases of equal 
efficiency for both sexes, somewhat more in the case of men than 
women. This was shown both by the percent of preference on the 
basis of paired trials and on the basis of shortest trials. 


(4) Motor Hanp Tests WITH AND WITHOUT VISION 
Without vision variability and mean performance time increased 
about the same for both hands. Without vision there was slightly 
more difference between the left and right hands than with vision. 
Vision tended to produce equality of performance for hands on the 
basis of both percent of preference and shortest trials. Sex differences 
were not evident in hand performance. 


(5) ComPaARISON OF Motor Foot AND Hanp TEsts WITH 
AND WITHOUT VISION 
Lack of vision produced greater variability in feet than in hands. 
Lack of vision more than doubled foot means and less than doubled 
hand means. Without vision the difference between the two sides 
was exaggerated, more for feet than for hands. Vision tended to 
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increase the percent of right preferences in feet but not in hands. 
The percent of preference for feet and hands without vision was 
very similar. A comparison of decrease of performance time from 
first to third repetitions showed lack of vision more favorable for 
decreasing time than vision in the case of both hands and feet. Vision 
caused a great increase in the number of cases for both feet and 
hands with equal speed on the shortest trials. Vision for feet tended 
to shift shortest trial preferences away from the left toward the 
right side. Sex differences were evident in foot performance but not 
in hand performance without vision. 


(6) InpIvipuAL ANALYsIS OF SENSORY DaTA 


Individual analysis of lateral preference was made for both sensory 
and motor data on the basis of shortest trials, paired difference in 
performance time and rate of decrease in performance time from first 
to last trials in terms of units. 


Sensory data for feet showed that 41% of the group with an 
average of 6.7 units preferred the left foot, that 51% with an average 
of 8.4 units preferred the right foot and that 8% showed no differ- 
ence in units between sides. On foot sensory tests women showed 
somewhat more right preferences than men. 


Sensory data for hands showed that 47% of cases had more units 
on the left side with an average of 5.2 units, that 41% had more 
units on the right side with an average of 6.5 units, and that 21% 
showed no difference between sides. Sex differences on hand sensory 
units were slight. 

Combined foot and hand sensory data showed 39% of cases with 
more left units and 55% with more right units with each side 
averaging 9 units. Foot and hand sensory units were on the same 
side in 38% of cases with 18% on the left and 20% on the right 
side. 


(7) INpDIvipUAL ANALYsIS OF Motor DaTA 


Motor foot data showed that 37% of cases had more units on 
the left side with an average of 9.6 units, that 58% had more units 
on the right side with an average of 11 units, and that 5% showed 
no difference between sides. Women consistently showed a stronger 
right preference than men, 
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Motor hand data showed 32% of cases with more units on the 
left side with an average of 3.5 units and 54% on the right with an 
average of 4.2 units. Sexes performed similarly on hand tests. 

Combined hand and foot motor data showed 34% of cases with 
an average difference of 9.8 units on the left side and 62% of cases 
with an average difference of 12.0 units on the right side. Foot and 
hand motor units were on the same side in 44% of cases with 12% 
of these left and 32% right. . 

For individual cases motor and sensory data tended to be on the 
same side. For motor and sensory foot data, 51% of cases had 
differences on the same side with 18% left and 33% right while 
36% of cases showed crossed relationships. For motor and sensory 
hand data, 40% of cases had differences on the same side with 19% 
on the left side and 21% on the right side while 36% of cases 
showed crossed relationships. For motor and sensory data on com- 
bined hand and foot tests, 52% of cases had differences in units on 
the same side with 15% left and 37% right while 38% of cases 
had crossed relationships. Cases with zero differences in hand and 
foot data were not classified. 











